INTRODUCTION
============

Increasing numbers of cystic lesions of the pancreas (CLPs) are being incidentally recognized due to the improvements in high resolution abdominal imaging and an increasing frequency of the use of this tool.[@B1],[@B2] Some investigators[@B3],[@B4] have advocated aggressive surgical resection showing their data of the relatively high incidence of premalignant and malignant CLPs. However, data collected after surgical resection do not reflect the characteristics of cystic lesions incidentally found in the clinical setting.[@B2] Other investigators[@B2],[@B5],[@B6] advocate selective nonoperative management arguing the improvement of cross-sectional imaging and endoscopic ultrasonography (EUS), the high morbidity associated with pancreatic surgery, and a better understanding of the natural history of certain subgroups.

Despite the recent improvements of many diagnostic tools, current imaging modalities cannot differentiate benign from premalignant or malignant CLPs with sufficient accuracy.[@B7] In addition, preoperative tissue diagnosis such as cyst aspiration via EUS does not provide a sufficient diagnostic yield.[@B2] Therefore, knowledge about the long-term natural history of CLPs is essential for establishing the optimal management strategy. Although the knowledge about this natural history of CLPs has been gradually acquired from many studies,[@B1]-[@B3],[@B5],[@B8]-[@B19] it is not fully understood yet because of insufficient number of patients and duration of follow-up in most of these studies. Therefore, in clinical practice, making an optimal management plan for CLPs is still challenging[@B20] and the guidelines for the surveillance of these CLPs have not been well established to date.

In a previous study,[@B2] the natural history of 182 patients with CLPs was reported (mean duration of follow-up, 35.4±22.9 months) and, afterward, extended follow-up of this cohort was performed at our institution. The current study was performed to document the long-term clinical outcomes of CLPs and to provide data for determination of the management and surveillance of the CLPs.

MATERIALS AND METHODS
=====================

1. Patients
-----------

The initial identification of patients with CLP was described in the previous study[@B2] and was as follows: Inclusion criteria were patients older than 20 years of age who were diagnosed as having CLP by abdominal ultrasonography (USG) or abdominal computed tomography (CT) from January 1998 to December 2004 and who received follow-up with repeated imaging studies for more than 3 months. Exclusion criteria were patients with evidence of pancreatitis and patients who had a history of von Hippel-Lindau disease, a polycystic disease of the kidney or liver, or cystic fibrosis. A total of 182 patients received follow-up and 20 patients among them underwent surgery in the previous study ([Fig. 1](#F1){ref-type="fig"}).

In the current study, an additional extended follow-up of the cohort recruited during the previous study (from January 1998 to December 2004) was performed. Among 162 patients who had received follow-up without surgery in the previous study, 33 patients died during or within 6 months after the previous study due to severe co-morbidities. Among the other 129 patients available for additional follow-up, 37 patients refused further follow-up at our institution, which resulted in a loss to follow-up. Therefore, 92 patients (71.3% of 129 patients) agreed to participate in the current study and received additional follow-up ([Fig. 1](#F1){ref-type="fig"}). Six patients among them underwent surgery during this additional follow-up. Finally, the natural history and clinical outcome of 112 patients who underwent surgery during follow-up in both the previous and current study (26 patients) or received additional extended follow-up in the current study without surgery (86 patients) were investigated in the current study ([Fig. 1](#F1){ref-type="fig"}).

2. Methods
----------

All enrolled patients received the first follow-up with imaging study (CT or USG) 3 to 6 months after initial diagnosis of CLPs. In cases of absence of significant change in cystic size & feature, the interval of follow-up extended to 6 months to 1 year according to the individual clinical situation (6-month and 1-year interval at the second and third follow-up, respectively, in most patients). Magnetic resonance cholangiopancreatography (MRCP), endoscopic retrograde cholangiopancreatography, or EUS was performed in patients with suspicion of malignancy or with change in cystic size or feature.

The classification and definition of clinical, radiologic, endoscopic, and pathologic data is the same as in the previous study.[@B2] The size of the CLP was measured by axial image of CT or MRCP and was defined as the longest diameter. In patients with multiple CLPs, the largest diameter of the largest CLP was measured and recorded; in addition, the location of the CLPs was defined as the location of the largest CLP. The size of the CLP was classified as \<2 cm, between 2 and 3 cm, and \>3 cm, which is consistent with the classification in previous studies.[@B1],[@B5],[@B11]-[@B14],[@B21] Growth of the CLP was considered to be significant if the increase of the CLP size exceeded 1 cm. The duration of follow-up was defined as a period from the initial detection of CLP to the last imaging follow-up of the CLP (in case of surgery, the last imaging follow-up before surgery).

In the current study, a grade for co-morbidities was determined for each enrolled patient according to the Adult Co-morbidity Evaluation 27[@B22] and was included in the baseline clinical characteristics.

Each pathologic specimen was reviewed by two pathologists. The lesions were considered to be malignant when carcinoma *in situ* or invasive cancer was present in any pathologic examination field and were considered to be premalignant when an adenoma or borderline malignancy was identified in cases with an intraductal papillary mucinous neoplasm (IPMN), mucinous cystic neoplasm, solid pseudopapillary tumor, or neuroendocrine tumor of the pancreas. Serous cystadenoma (SCA), lymphangioma, pseudocyst, or other nonmalignant conditions were defined as benign lesions.

The survival status of patients was investigated through the Korean Registry of Birth and Death. For patients who were not available for clinical follow-up evaluation, in the current study, telephone contacts were attempted to obtain information about the clinical outcome. The study protocol was reviewed and approved by the Institutional Review Board of our institution.

3. Outcomes
-----------

The primary outcome in the current study was defined as malignant progression during follow-up. The secondary outcome was defined as growth of the CLP and surgical resection during follow-up and mortality related to CLPs.

4. Statistical analysis
-----------------------

The results are presented as the means±standard deviation. Comparisons were performed using the independent t-test for continuous variables and Pearson\'s chi-square test or Fisher\'s exact test for categorical variables. The logistic regression multivariate analysis was performed to identify independent factors associated with the final pathology of the surgical specimen (malignant vs non-malignant). The multivariate analysis was performed with a model using factors with p-values less than 0.10 in the univariate analysis. A p-value less than 0.05 was considered statistically significant.

RESULTS
=======

1. Baseline characteristics
---------------------------

The group enrolled in the current study (112 patients) was first investigated to determine whether they were a representative sample; the baseline characteristics of this group (112 patients, follow-up group) and the 37 patients who refused further follow-up after the previous study[@B2] (non-follow-up group) were compared. The comparison between the two groups is shown in [Table 1](#T1){ref-type="table"}. While male gender tended to be more common in the follow-up group, other baseline characteristics such as age, presence of symptoms, initial size of the CLP, features of the CLP, and co-morbidity grade were not significantly different between the two groups.

The baseline characteristics of the 112 enrolled patients are summarized in [Table 1](#T1){ref-type="table"}. The mean age was 58.4±10.6 years (range, 31.0 to 81.0) and the mean initial cyst size was 1.8±1.0 cm (range, 0.3 to 7.0). At the end of the current study (February 2010), the median period of follow-up was 72.3 months (range, 5.0 to 142.8).

2. Surgical treatment and malignant progression during follow-up
----------------------------------------------------------------

During the follow-up, a total of 26 patients (23.2% of 112 patients) underwent surgery due to an increase of the size of CLPs (11 patients), changes in features of the CLP (seven patients), pain aggravation (four patients), recurrent pancreatitis (one patient), or a simultaneous operation for another intra-abdominal tumor (three patients). The median time from the initial diagnosis to the surgical resection was 42.8 months (5 to 114 months). Operation and pathologic results are summarized in [Table 2](#T2){ref-type="table"}. The pathologic results revealed premalignant and benign cyst in 13 and nine patients, respectively, and malignant cysts were detected in four patients (mucinous cystadenocarcinoma, ductal adenocarcinoma \[DAC\], and intraductal papillary mucinous carcinoma \[IPMCA\]). Therefore, the rate of malignant progression during follow-up was 3.6% (four out of 112 patients).

Among 26 patients, seven patients received surgery after follow-up for more than 5 years. In these seven patients, changes in features of the CLP, growth of the CLP, which resulted in surgery, occurred after 5 years of follow-up. As a result of surgery, malignant CLPs were detected in two patients (DAC and IPMCA, respectively).

Patients were classified into two groups (malignant vs non-malignant) according to the final pathology of the surgical specimen (patients who had not received surgery were included in the non-malignant group). A comparison of the clinical characteristics of both groups is shown in [Table 3](#T3){ref-type="table"}. The presence of mural nodule or solid component at last follow-up was significantly associated with malignancy (p=0.002) and the risk of malignancy was 30% (three out of 10 patients) in case of the presence of mural nodule or solid component. The presence of septated cyst at last follow-up or the increase in cyst size tended to be associated with malignancy. However, this was not significant (p\>0.05). Multivariate analysis revealed that the presence of mural nodule or solid component was independently associated with the risk of a malignant CLP (odds ratio, 86.716; 95% confidence interval, 4.847 to 1,551.396; p=0.002) ([Table 4](#T4){ref-type="table"}).

3. Natural history and clinical outcomes after follow-up
--------------------------------------------------------

During follow-up, growth of the CLP was noted in 18 patients (16.1%) and the median duration between the initial diagnosis and the detection of the growth of the CLP in these 18 patients was 51.6 months (range, 27.6 to 117.8 months). The duration was longer than 5 years in six patients and three patients among them eventually received surgical resection. [Fig. 2](#F2){ref-type="fig"} shows the pattern of the change in the size of CLPs during follow-up for individual cases and represents the natural histories and clinical outcomes of the CLPs (in a total of 112 patients enrolled in the current study \[[Fig. 2A](#F2){ref-type="fig"}\], in 26 patients who underwent surgery during follow-up \[[Fig. 2B](#F2){ref-type="fig"}\], and in 18 patients who experienced the growth of the CLP during follow-up \[[Fig. 2C](#F2){ref-type="fig"}\]). In most patients who received follow-up without surgery, the size of CLPs remained within 3 cm ([Fig. 2A](#F2){ref-type="fig"}). In patients who underwent surgery during follow-up, the size of the CLPs at initial diagnosis and the growth of the CLPs did not seem to be associated with the malignancy ([Fig. 2B](#F2){ref-type="fig"}). No patients experienced the growth of the CLPs within 2 years after initial diagnosis ([Fig. 2C](#F2){ref-type="fig"}).

We investigated the natural histories and clinical outcomes of CLPs in a subgroup of 73 patients with small CLPs (less than 2 cm) at initial diagnosis. In this subgroup, the growth of the CLP during follow-up was noted in 13 patients (17.8%) and the median duration between the initial diagnosis and the detection of the growth of the CLP was 53.8 months (35.0 to 117.8 months). Nine of them (12.3%) underwent surgical resection during follow-up and two malignant cysts were detected. Therefore, the overall rate of malignant progression was 2.7%. The median duration between the initial diagnosis and surgery was 50.3 months (range, 36.2 to 72.0 months).

Among 112 patients, 4 patients had CLPs containing mural nodule or solid component at initial diagnosis (mural nodule and solid component in three and one patient, respectively). The mural nodule in two patients disappeared during follow-up. In other one patient, the size of mural nodule did not change during follow-up for 68 months. Other one patient with solid component experienced growth of the solid component 64 months after initial diagnosis. This patient received surgical resection and the pathologic results showed SCA.

Among 112 patients, 108 patients had CLPs without mural nodule or solid component at initial diagnosis. In eight out of these 108 patients (7.4%), however, a mural nodule or solid component developed during follow-up. The duration between the initial diagnosis and detection of the mural nodule or solid component ranged from 6.0 to 70.4 months. All of these eight patients received surgical resection and the malignant CLPs were detected in three out of eight patients (37.5%). The clinical data and final pathology of a total of 12 patients with mural nodule or solid component are summarized in [Table 5](#T5){ref-type="table"}. The mean size of mural nodule or solid component at last follow-up tended to be higher in patients with malignancy (8.4 mm vs 19.3 mm). However, this difference was not significant (p\>0.05). Other factors such as the size of mural nodule or solid component at initial diagnosis and the size of CLP at initial diagnosis or last follow-up were not associated with malignancy.

Twenty-nine patients received EUS during follow-up and six of them underwent surgery as a result of the findings on the EUS. The EUS detected mural nodule or solid component in these six patients who had received follow-up for the presumptive diagnosis of IPMN and all of these six patients received surgery. The pathologic results revealed IPMN with moderate dysplasia in three patients, IPMCA in one patient, and DAC in two patients. Only two out of 29 patients received EUS-guided fine needle aspiration (FNA) and it did not influence clinical decisions.

According to the Korean Registry of Birth and Death and the telephone contacts (for a total of 182 patients who have received follow-up form the previous study),[@B2] 133 patients were alive and 49 patients died by the end of the current study. The causes of death were unrelated to pancreatic pathology with the exception of one patient. This one patient initially refused surgical resection for a CLP with an initial size of 3.2 cm and a solid component and died 8 months later.

DISCUSSION
==========

The current study is an extended study of the previous study;[@B2] it provides the results of clinical outcomes of CLPs after more than 5 years of follow-up. This study confirms the indolent nature and favorable prognosis of most CLPs as a result of long-term follow-up. However, this study also shows the potential for growth and malignant transformation of CLPs even after 5 years, which provides evidence to support long-term surveillance.

In the current study, the rate of malignant progression of CLPs during follow-up was 3.6% and the univariate and multivariate analysis showed that the presence of mural nodule or solid component was strongly associated with malignancy. Therefore, we evaluated the natural history of CLPs containing mural nodules or solid component. Although some mural nodules showed regression during follow-up, overall risk of malignancy in case of the presence of mural nodule or solid component was 30% in the current study. Furthermore the development of these intra-cystic components occurred even after follow-up for more than 5 years. Several studies also reported the variable factors associated the malignancy. Jang et al.[@B23] presented the tumor size and the presence of a mural nodule as meaningful predictors of malignancy. However, in this study, only patients with IPMN proven pathologically were included. Brounts et al.[@B16] reported that the presence of symptoms, male gender, and cystic loculation were associated with the risk for a malignancy. Lee et al.,[@B1] on multivariate analysis of their 166 surgical cases, reported that the presence of weight loss, a solid component in the CLP, and common bile duct dilatation were independent predictors of a malignancy. These two studies, in contrast to the current study, included patients who underwent surgical resection immediately after the initial diagnosis.

Few studies have evaluated the natural history of CLPs for more than 5 years. Handrich et al.[@B13] reported the clinical outcome of long-term follow-up (mean duration of 8 years) of CLPs. The number of patients, however, was only 22 and only patients with small CLPs (less than 2 cm) were included in their study. In the current study, the median duration of follow-up was 72.3 months and 81 patients (72.3%) received follow-up for more than 5 years. Among these 81 patients, CLPs in 6 patients were noted to begin growing even after 5 years of follow-up; three of these patients eventually received surgical resection. A total of seven patients underwent surgical resection after 5 years of follow-up and the pathologic results revealed malignancies in two patients. Furthermore, in all seven patients, changes in the features of the CLP or growth of the CLP occurred after 5 years of follow-up. Few studies have reported malignant change after 5 years of follow-up in CLPs with initial features of a benign lesion; this is the first study to report such findings. These results of long-term follow-up (more than 5 years) demonstrate the potential of growth and malignant transformation of CLPs even after 5 years of follow-up and provide evidence to support clinical and radiological follow-up of these lesions for more than this long-term duration.

Several studies have suggested guidelines for surveillance of CLPs. Das et al.[@B10] reported that growth of CLPs was unlikely to occur before 2 years in CLPs 3 cm or less in size and without mural nodules; they suggested that the optimal imaging interval should be at 2 years from the initial diagnosis. Handrich et al.[@B13] reported that 59% of patients with CLPs less than or equal to 2 cm remained unchanged over a minimum radiologic follow-up of 5 years and Lahav et al.[@B8] suggested that asymptomatic CLPs without unfavorable EUS findings could be managed conservatively for at least a mean period of 4 years. In the current study, among 73 patients with a small CLP (\<2 cm), 12.3% (nine out of 73 patients) underwent subsequent surgery. However, all subsequent surgeries occurred after 36 months of follow-up, and the risk of malignancy in this subgroup was only 2.7% (two out of 73 patients). Furthermore, none of the patients in this subgroup experienced growth of the CLP before 2 years of follow-up. According to the results of the current study, therefore, the suggestion of Das et al.[@B10] about the optimal imaging interval (2 years from initial diagnosis) can be applied to clinical practice, especially in patients who have severe co-morbidities. However, further studies with larger number of patients and with more elaborately defined protocol will be needed to clarify this issue.

The limitations of this study include the followings. First, this study is a retrospective cohort study performed without elaborately defined protocol. However, to our knowledge, this is the first study both with duration of follow-up for more than 5 years and with the largest number of patients to date. Second, because only 92 out of 129 patients (71.3%) received additional follow-up, the absolute risk of malignant potential of CLPs might be underestimated. However, the baseline characteristics (except for gender) were not significantly different between the follow-up group and the non-follow-up group; the difference in gender was likely to be an incidental finding. Furthermore, the data was obtained from the Korean Registry of Birth and Death and the telephone contacts (for a total of 182 patients who have received follow-up from the previous study)[@B2] to evaluate the effect of CLPs on long-term prognosis. According to the data, only one pancreas-related mortality occurred in this study. Third, because of low rate of malignancy (3.6%), the analysis for the identification of factors associated with malignancy could not be performed with sufficient accuracy in the current study; although the presence of septum and the increase in the size of CLPs tended to be associated with malignancy, these factors failed to show statistical significance. Further studies with larger number of patients (including only patients who received conservative management initially) are needed to identify the predictors of malignancy clearly. Fourth, only a small portion of patients (25.9%, 29 out of 112 patients) received EUS for the evaluation of CLPs. In fact, EUS was not available for many patients during the period of patient enrollment (from 1998 to 2004); most EUS procedures were performed after this time. EUS can be particularly helpful in demonstrating septae, solid components, and communication with pancreatic ducts, and guiding FNA for cytological examinations and fluid analysis.[@B15],[@B24] In this study, EUS influenced clinical decision in six patients by detecting change in the features of the CLPs.

In summary, according to the results of long-term follow-up, most CLPs, when conservative management is planned initially, have an indolent course and generally a favorable prognosis, irrespective of subsequent surgery during follow-up; although the rate of subsequent surgery for CLPs was considerable (23.2%), the overall rate of malignant progression during long-term follow-up was only 3.6%. However, in case of the development of mural nodule or solid component during follow-up, surgery should be considered because of considerable rate of malignancy. Moreover, the results of this study suggest that clinical and radiological surveillance should be maintained for at least more than 5 years because of the potential for growth and malignant transformation of CLPs even after this long-term duration.
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Data are presented as mean±SD or number (%).

^\*^112 patients enrolled in the current study; ^†^37 patients refusing further follow-up; ^‡^At initial diagnosis; ^§^According to the Adult Comorbidity Evaluation 27.
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Operations and Pathologic Results
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PPPD, pylorus-preserving pancreaticoduodenectomy; SCA, serous cystadenoma; MCN, mucinous cystic neoplasm; IPMN, intraductal papillary mucinous neoplasm; IPMCA, intraductal papillary mucinous carcinoma; MCAC, mucinous cystadenocarcinoma; DAC, ductal adenocarcinoma.
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Results of Multivariate Analysis to Identify the Risk Factors Associated with Malignant Cysts
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OR, odds ratio; CI, confidence interval.
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The Clinical Data and Final Pathology of 12 Patients with Mural Nodules or Solid Components
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Pt, patient; F/U, follow-up; M, male; F, female; SCA, serous cystadenoma; IPMN, intraductal papillary mucinous neoplasm; M/D, moderate dysplasia; IPMCA, intraductal papillary mucinous carcinoma; DAC, ductal adenocarcinoma.
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